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Abstract 
The North Fiji Basin is one of the active marginal basins in the southwestern Pacific. Hydrothermal fluid 
emanations were located at two sites on the Central ridge of the basin. High-temperature fluids (230-290°C) venting 
from anhydrite chimneys at a 17"s site have end-member compositions of: 11.0-14.5 mmol/kg of CO,; 30.4-43.5 
pmol/kg of CH,; and 2.3-4.5 X cm3STP/g of He. Taking phase separation processes into account, the gas 
abundances are not enriched compared with the mid-oceanic ridge hydrothermal systems. Isotopic compositions of 
CO, (S13C = -6.2 to -5.7%oPDB), CH, (S13C = -20 to - 18%oPDB), and helium (R /R ,  = 9.0-10.0) are 
comparable to the mid-oceanic ridge signature. Together with basalt helium data, the .helium isotopic signature may 
be attributed to the incorporation of a hotspot-like primitive component. Low-temperature shimmering fluids (the 
highest measured temperature was 5.2"C) associated with biological communities at a site at 18'50's show slight 
chemical anomalies, in some species, in SiO,, Mn, Li, pH and CH,, and helium isotope ratios distinct from ambient 
seawater. Evaluated helium isotopic compositions prior to dilution fall between R/R,  = 8.4 and 8.9, supporting the 
suggestion of high-temperature hydrothermal activity at this site, although this was not observed by dive expeditions. 
The gas geochemistry of these two different types of fluids show several similar characteristics to the mid-oceanic 
ridge hydrothermal systems. This result is in accordance with previous petrological studies which demonstrated a 
dominant N-MORB source signature and a Co-existing OIB source influence of the North Fiji Basin magmatism. t 
1. Introduction 
Laboratoire de geologie des Systemes sedimentaires, Fac- 
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systems (e.g., [1-6]). Hjrdrothermal systems have 
been revealed not as a phenomenon peculiar to 
the mid-oceanic ridge (MOR) system, but as 
ubiquitous in active regions related to various 
tectonic settings. 
The North Fiji Basin is an active marginal 
basin located at the boundary of the Pacific and 
Indo-Australian plates (Fig. 1). The North Fiji 
Basin has had a complex, multi-stage tectonic 
history since the beginning of spreading at 10-12 
Ma and the present spreading activity started 
about 1 Ma ago, along the 800 km long central 
ridge [7-101. This spreading system can be di- 
vided into four segments; these trend, from north 
to south, N160", N15", N-S and the last section, 
offset to the east, also trending N-S [11,12]. The 
STARMER project (1987-19921, under the 
framework of Japanese-French-SOPAC cooper- 
ation, investigated the central ridge system and 
revealed it to be comparable to the MOR systems 
in several features, such as size, bathymetric pro- 
170 
files, morphologic variations and petrologic fea- 
tures [ll-131. 
Evidence for present hydrothermal activity 
along the central ridge was provided by the iden- 
tification of hydrothermal plumes at several sites 
before and during the STARMER project 
[1,8,14,15]. During dive programs in 1989 by the 
French submersible Nautile and in 1991 by the 
Japanese submersible Shinkai6.500, active fluid 
emanations were observed at two stations [12,161. 
One is a vigorous, high temperature fluid venting 
from anhydrite chimneys at 17"0'S, 173'50'E (sta- 
tion 4) and the other is a low temperature shim- 
mering fluid associated with biological communi- 
ties at 18"50'S, 173'30'E (station 14) (locations 
are shown in Fig. 1). 
In this paper, we present the concentrations 
and isotopic compositions of carbon and helium 
dissolved in these fluids. This is the first data set 
for the hydrothermal fluid end-member obtained' 
from the southwest Pacific marginal basins. The 
180' E 
Fig. 1. Regional map showing the North Fiji Basin Central ridge and two fluid emanation sites (stations 4 and 14). 
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gas geochemistry of the MOR hydrothermal sys- 
tems has been the subject of several previous 
studies (e.g., [17-20]), these revealed that the 
isotopic composition of helium and carbon reflect 
the MORB magma signature, as long as fluids 
were not significantly influenced by sedimentary 
organic material during hydrothermal circulation. 
Accumulation of gas geochemistry data for hy- 
drothermal fluids in marginal basins could pro- 
vide a basis for chemical comparison among hy- 
drothermal systems in various tectonic settings. 
2. Description of sampling site 
2.1. Hydrothermal fluid venting at 1 TO'S (station 
4) 
At the northern tip of the N15" segment, adja- 
cent to the triple junction on the central ridge, an 
active hydrothermal vent site is located [12,16,21]. 
This site is situated at a bathymetrical rise of up 
to 1980 m, which seems an unusual characteristic 
in a spreading ridge context. Active anhydrite 
chimneys venting transparent fluids are scattered 
within a limited area with a radius of about 200 
m. Around the active region, huge, extinct sulfide 
chimneys are distributed in a graben structure. 
During the dive studies, several fluid samples 
were collected. Most of the 1989 samples were 
obtained from the 'White Lady' chimney (sample 
series ST). Two years later we re-visited the same 
anhydrite chimney and collected fluid samples 
(samples YK77 and YK78). During the latter dive 
program we also sampled fluids from two other 
anhydrite chimneys 'Kaiyo' (samples YK80) and 
'LHOS' (samples YK93) at the STARMER II 
site, which is located about 150 m southwest of 
White Lady. The fluid temperature of these three 
chimneys range between 230" and 290°C. Geo- 
chemical studies of the elemental composition of 
the hydrothermal fluids have already been re- 
ported [22,23]. All of the three fluids show low 
chlorinity, 4549% of seawater value, which is 
strong evidence of a phase separation process 
during hydrothermal circulation. The lack of any 
significant fluctuation in the elemental composi- 
tion of the White Lady fluid in the 2 years be- 
tween samples suggests that the phase separation 
process is occurring in a steady state [23]. 
2.2. Low temperature shimmering fluid at 18"50'S 
(station 14) 
At station 14 a megaplume-like hydrothermal 
plume was observed in 1987 [151 and biological 
communities associated with low temperature 
fluid seepage were discovered by a towing video 
TV survey in 1988 [12,161. During the dive stud- 
ies, several biological communities, comprising 
mussels, galatheids and synaptic holothurians, 
were observed at the fissure or on lava debris 
resulting from the collapse of lava lakes [24]. This 
site is situated in the N-S trending segment of 
the central ridge, and has a morphology compara- 
ble to that of a fast spreading ridge. Recent 
volcanic activity is represented by fresh lava flows 
widely distributed throughout the axial graben, 
with hollowed-out lava lakes, lava pillars, sheet 
flows and lobate lava [12]. 
Fluid sampling was conducted during the 1991 
Shinkai6.500 dive program. At that time, we could 
not find 'mussel valley' which had been a main 
target of the 1989 dive study. Thus, we collected 
fluids from a rather small (about 10 m in diame- 
ter) and sparse mussel bed named 'Sunset site' 
(samples YK87 and YK96). Fluid emanations 
were quite moderate and the highest temperature 
measured was only 5.2"C (ambient seawater was 
1.6"C). From another colony named 'Refound 
Arch', about 100 m away from the former site, 
additional samples were collected (sample YK95). 
In this colony all the mussels were dead and the 
fluid temperature was about 3°C. Although we 
had expected hydrothermal activity with tempera- 
tures as high as 300"C, from the presence of the 
extinct sulfide chimneys [12], such activity was not 
identified, despite of intense effort, during the 
dive programs. 
3. Sampling and analytical methods 
3.1. Sample handling 
Sampling equipment was described in the pre- 
vious reports [22,23]. All of the 1989 samples .and 
'7 
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some of the 1991 samples (whose sample name 
bears the suffix ‘-Ti’) were collected by a titanium 
syringe of the French submersible Nautile. The 
other samples were taken using a pumping sam- 
pler system developed for the Japanese sub- 
mersible Shinkai6500. 
Sample aliquots for gas species analyses were 
taken out from the sample bottles prior to those 
for elemental composition analyses. First, the 
sample for helium measurement was introduced 
into a copper tube (- 30 ml), which was immedi- 
ately sealed with two knife-edged clamps. A lead 
glass container with two stopcocks (volume about 
40 ml) was sometimes used in place of the copper 
tubing. Aliquots for CO, and CH, analyses were 
drawn into glass vials (volume about 25 ml). After 
being poisoned by mercury chloride, each vial 
bottle was capped with a rubber septum, making 
sure no head space air was present. These bottles 
were stored in a refrigerator (at about 5°C) until 
their analysis in shore-based laboratories. Where 
sample recovery was insufficient it was not possi- 
ble to measure all gas species. 
3.2. Analytical procediow 
Helium samples were sent back to the LEC 
laboratory (in Japan). Dissolved gas was extracted 
to an evacuated lead glass bottle (- 50 ml) and 
its helium isotope ratio was measured by a VG 
5400 mass spectrometer (after [25]). During the 
purification procedure, the abundance ratio of 
He/Ne and absolute helium content were mea- 
sured using a quadrupole mass spectrometer 
(QMS) installed in the purification line. The he- 
lium contents were determined by comparing the 
peak intensity of the QMS with the result of 
standard air measurement. Some duplicate he- 
lium samples were sent to the DMS-CEA labo- 
ratory (in France) and measurements of abun- 
dance and isotopic ratio were carried out using a 
VG 3000 mass spectrometer (after [26]). Precision 
Table 1 
Chemical data for hydrothermal samples from station 4 
Site Sample Mga) Coza) CH4 He 
(mmolkg) (mmol/kg) f.”l/kg) (cm3STP/g) 
Whitc Lidy 89 ST1-2 22.6 9.0 20.0 1.9 x ~ O - ~  
ST4-1 51.7 0.93 2.4x1U6 
ST.5-1 18.9 10.2 16.7 1.6 x 1 
ST5-2 8.6 11.8 23.6 3.3 x ~ O - ~  
ST.5-3 50.4 2.9 0.46 0 . 5 ~ 1 0 - ~  
ST6-1 25.7 8.2 25.2 2.0~10-5 
ST6-2 8.9 12.3 2.5 x I Q - ~  
White Lady 91 YK77-6 49.8 2.2 0.09 
Kaiyo YK80-Ti 52.0 2.3 0.24 0.2~10-6 C) 
YK80-3 31.5 5 .O 14.2 2.iX10-5 c) 
YK78-Ti 18.5 9.7 16.9 1 . 8 ~ 1 0 - ~  
YK80-4 8.5 10.2 37.6 
LHOS YK93-2 51.0 2.3 0.51 0 . 4 ~ 1 0 - ~  
YK93-3 22.7 6.4 21.5 6 . 6 ~ 1 0 - ~  
YK93-4 33.9 
Reference b, ST4-2 52.6 2.2 <0.01 
a Data from 122,231. 
Sample collected about 3 km north of the White Lady. 
Results of measurements in the CEA laboratory, others are those from the LEC laboratory. 
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Fig. 2. Relationship between concentration of gas species 
versus Mg for the samples at station 4. O =White Lady in 
1989; 0 =White Lady in 1991; A = Kaiyo; O = LHOS; solid 
line = regression of the White Lady 1989 samples; dashed 
line = regression of the Kaiyo-LHOS samples. (a) carbon 
dioxide (b) methane (c) helium. 
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on the helium isotope ratio measurement is esti- 
mated to be within +1% of the value for both 
the LEC and CEA laboratory, according to previ- 
ous experiments. Determination of the total 
amount of helium has larger uncertainties, which 
are estimated to be aroudd 10% for the LEC 
laboratory and 1% for the CEA laboratory. 
CO, concentration of the 1989 samples was 
analyzed using GC-TCD [271. After the analysis, 
the same CO, fraction was collected for carbon 
isotope measurement. We used a coulometer 
(UIC Inc. Model 5012) for CO, concentration 
determination of the 1991 samples. In this case, 
CO, for the isotope measurement was extracted 
from another aliquot by the addition of H,PO,. 
Reproducibility of CO, concentration determina- 
tion is within & 1% of the value for the GC-TCD 
technique and +0.1% for the coulometer analy- 
ses. Isotope measurements were made using a 
Finnigan MAT250 mass spectrometer. Its preci- 
sion is estimated to be within +0.1%0. All of the 
CO, analyses were carried out in the ORI labo- 
ratory. 
The CH, concentration was analyzed by GC- 
FID, after extraction by bubbling through helium 
carrier gas, followed by collection in a charcoal 
trap at the temperature of dry ice [28]. Analytical 
precision is estimated to be within +5% from 
replicate analyses. For carbon isotope measure- 
ment, CH, in the fluid sample was extracted into 
head space N, gas (about 10 ml), which was 
introduced into a glass vial by a needle through a 
rubber septum cap. After shaking it vigorously 
and leaving for about 1 h, 50-100 p l  of the head 
space N, gas was injected into the GC/C/IRMS 
system (VG PRISM). The precision of the iso- 
tope measurement is estimated to be within 
- +1%0 from previous experiments [29]. In order 
to confirm no fractionation during the head space 
technique, we conducted a preliminary experi- 
ment using water samples saturated with the 
cylinder CH, gas, whose isotope ratio was known. 
The result showed agreement between the carbon 
isotope ratio of the head space gas and the origi- 
nal CH, gas within the analytical precision of the 
GC/C/IRMS system. All of the CH, analyses 
were conducted in the NIES laboratory. 
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4. Results and discussion 
4.1. Gas abundance of the hydrothermal fluids at 
station 4 
Concentrations of CO,, CH, and He of the 
fluid samples obtained from station 4 are pre- 
sented in Table 1. The relationships of each gas 
concentration to Mg concentration are illustrated 
in Fig. 2. The White Lady samples and the south- 
western STARMER II site (Kaiyo-LHOS chim- 
neys) samples show different mixing lines in these 
diagrams. This result is consistent with the previ- 
ous elemental composition study [23]. 
End-member values are estimated according 
to the conventional method (extrapolation of the 
linear regression to Mg = O). For the White Lady 
fluid, the CO, concentration is estimated to be 
14.5 mmol/kg and CH, to be 30.4 pmol/kg, for 
the Kaiyo-LHOS fluid, CO, concentration is es- 
timated at 11.0 mmol/kg and CH, at 43.5 
pmol/kg. Good linear relationships in these 
magnesium diagrams (Fig. 2a,b) suggest that this 
is a reliable estimation of these end-member val- 
ues. 
In contrast to these, the He-Mg diagram shows 
a somewhat poor relationship (Fig. 2c). More- 
over, the cross-check of helium concentration be- 
tween LEC (Japan) and CEA (France) laborato- 
ries shows rather disagreeable results. For all 
three samples checked (YK78-Ti, YK80-Ti and 
than CEA results. However, results of the 1989 
samples, which were also measured in LEC, 
showed good agreement with the CEA results of 
the 1991 samples. Therefore, the disagreement is 
not attributed to differance between the two lab- 
oratories. As some previous studies have men- 
tioned [17,181, the determination of the helium 
content of hydrothermal fluid samples is difficult 
due to the large pressure decrease after sample 
recovery. For instance, congregation of small gas 
bubbles during sample handling may lead to large 
uncertainties, since helium is subject to partition 
into the bubbles, if formed. Less helium in the 
second aliquot, which was analyzed in LEC, may 
be responsible for the lack of correlation between 
our results. In this study, we adopt CEA results 
for the three cross-checked samples (marked in 
Table 1). 
YK80-3), the LEC results were substantially lower f 
i 
Table 2 
Isotopic data of hydrothermal samules from station 4 
HeMe RC/RA d3C(C02) d3C(CO2),, b, r3I3C(CH4) Sitc Sample WRA -
(H~Mc)A (%oPDB) (%oPDB) (%oPDB) 
Whitc Lady 89 ST1-2 10.04 220 10.0 -5.6 -6.2 
ST4-1 -2.1 
ST5-1 9.83 250 9.86 -5.6 -6.0 -19.5 
ST5-2 9.72 300 9.75 -5.9 -6.1 -18.3 
ST5-3 -1.6 
STG-1 9.86 170 9.90 -5.3 -6.0 
ST6-2 9.87 300 9.90 -6.0 -6.2 
Whitc Lady 91 YK78-Ti -5.3 -5.7 
Kaiyo YK80-Ti -6.7 
YK80-3 9.04 27 9.28 -20.4 
YK80-4 -5.6 -5.7 
LHOS YK93-3 -19.2 
YK93-4 8.99 120 9.04 
Reference ST4-2 -0.7 
a Corrected R/R,  for the addition of an atmospheric component from ambient seawater mixing (see text). 
Corrected S'3C(C02) for mixing with ambient seawter (see text). 
J.-I. Ishibashi et al. /Earth arid Planetary Science Letters 128 (1994) 183-197 189 
Such a bubble formation effect might be re- 
sponsible for the poor correlation in the He-Mg 
diagram (Fig. 2c). It is impossible to estimate 
exactly this bias effect during the sample handling 
because it would depend on various factors, such 
as volume of the sampler, pressure of the sample, 
velocity of sample moving, and so on. However, 
we may expect that the sample with lower magne- 
sium concentration, in other words more diluted 
with ambient seawater, would show less bias ef- 
fect due to helium loss. However, in the He-Mg 
diagram, plots seem to be scattered along a single 
mixing line unrelated to their Mg concentration. 
This relationship suggests that the influence of 
helium loss is minimal and would allow us to 
evaluate the hydrothermal fluid end-member 
composition. Taking account of the scattering of 
data, the end-member helium concentration is 
estimated to lie in the range (3.4 f 1.1) X lob5 
cm3STP/g (= 1.5 f 0.5 ,umol/kg). 
i 
’ 
4.2. Isotopic composition of the hydrothermal flu- 
ids at station 4 
4.2.1. Helium 
Helium isotope data from fluid samples ob- 
tained from station 4 are listed in Table 2. 
3He/ 4He ratios and He/Ne ratios are presented 
as ratios relative to the atmospheric values 
(3He/4He ratio of 1.4 x and He/Ne ratio 
of 0.288). Correction for the addition of an atmo- 
spheric component was calculated according to 
the conventional formula: 
Rc= ( R  XN- Ra (1) 
where R and N are 3He/4He ratio and He/Ne 
ratio of the sample, and Ra and Na are those of 
7 the atmospheric component. Corrected helium 
isotopic compositions are presented as Rc/RA in 
Table 2. This correction is based on the assump- 
tion that all the neon comes from the atmo- b 
spheric component with the atmospheric helium 
1301. In this study we selected the samples with 
high He/Ne ratios (> 20) to exclude the possibil- 
ity of the addition of the atmospheric component 
derived from air during sample handling. We 
consider only the mixing of ambient seawater 
before sampling as source of the atmospheric 
component and take the values of air-saturated 
seawater at 5°C ( R a  = 0.985 and Na = 0.797, cal- 
culated from the data in [31,32]). 
Helium isotopic composition is known not to 
fractionate significantly during its partition into 
liquid and gas phases. Thus, the isotopic compo- 
sition of the original hydrothermal fluid is esti- 
mated with confidence, even considering the pos- 
sibility that the samples obtained might have suf- 
fered from helium loss. The cross-check of the 
isotopic measurements between the LEC and 
CEA laboratories did not show either significant 
disagreement or systematic bias, in contrast to 
the disagreeable results of the abundance deter- 
mination. We report results from the LEC labo- 
ratory in Table 2 because the He/Ne ratio was 
measured during the same procedure. 
The corrected isotopic compositions of the 
seven samples collected at station 4 fall in the 
range R/RA = 9.0-10.0. The isotopic ratio of, 
basaltic glass helium at the same station was 
reported as R/RA = 10.0 [33], which is in agree- 
ment with this range. These isotopic compositions 
seem to be higher than the average range of the 
MORB helium (R/RA = 8.18 k 0.73 [34]). Taking 
account of the previous assessment [29], which 
determined the accuracy of the LEC laboratory 
isotopic measurements as well as experimental 
errors (about 5%), we cannot neglect overlap 
between the range of the analytical results and 
the MORB values. Comparison of the helium. 
isotopic signature of the North Fiji Basin with the 
MORB range is discussed in a later section, to- 
gether with data obtained from other sites. 
4.2.2. Carbon 
Results of carbon isotopic measurement are 
also presented in Table 2. In order to discuss the 
isotopic signature of the hydrothermal fluid, an 
isotopic composition free from the influence of 
dissolved CO, in deep seawater should be evalu- 
ated. Assuming simple mixing between the hy- 
drothermal end-member and ambient seawater, 
the CO, concentration and isotopic composition 
of each sample can be expressed by the following 
equations: 
[CO,], = (1 -ìn) x [CO,], + ni x [CO,], (2) 
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613C, x [CO,], = (1 - m )  x 613C, x [CO,], 
where m is the mixing ratio of hydrothermal fluid 
estimated from the magnesium concentration; and 
subscripts s, a and h refer to sample, ambient 
seawater and hydrothermal end-members, re- 
spectively. Using these two equations, the iso- 
topic composition of Mg = O end-member can be 
estimated from CO, concentration, 613C(C0,) 
value and Mg concentration. The values of ambi- 
ent seawater in this area are determined as: CO, 
concentration = 2.2 mmol/kg and 613C(C0,) = 
-0.7%0, from analytical results of the sample 
collected at the reference site (ST4-2). The esti- 
mated end-member isotopic compositions are 
listed as 613c(co,)h in Table 2. They fall in a 
narrow range of 613C(C0,) between -6.2%0 
and -5.7%0. 
Since the fluids obtained have experienced 
subseafloor phase separation processes, we should 
examine the effect of isotopic fractionation dur- 
ing these processes. The most dominant species 
of CO, dissolved in the fluids is considered to be 
H,C03. Only a small portion of CO, can be 
dissociated to bicarbonate ion due to the strong 
fluid acidity and the low dissociation constant of 
bicarbonate at high temperatures. Isotopic frac- 
tionation between gaseous CO, and dissolved 
H,C03 is expressed according to the experimen- 
tal results [35] as: 
613C( CO, ,gas) - 613C( CO, ,dissolved) 
= -0.373 X 103/t + 0.19%0 (4) 
where t is temperature in degrees Celcius. In the 
case that this fit is valid up to higher tempera- 
tures, around 300"C, the carbon isotopic fraction- 
ation would be limited to within less than 
0.5%0[36]. Therefore, the original carbon isotopic 
signature of the hydrothermal system at station 4 
would not seem to be different to the measured 
values of ¿j13C, around -6.0%0. 
With respect to CH,, mixing with ambient 
seawater will have a negligable effect on the 
613C(CH,) values of the samples because deep 
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Fig. 3. Carbon isotope ratios in hydrothermal methane versus 
carbon dioxide. Isotherms for hypothetical isotopic equilib- 
rium are calculated from Bottinga [37]. O = North Fiji Basin 
(this study); O = East Pacific Rise 21"N [17]; 0 =Southern 
Juan de Fuca Ridge [191; A = Guaymas Basin [47]. 
seawater contains only minor amounts of CH, 
(less than 10 nmol/kg). Thus, the end-member 
isotopic composition of the fluids can be directly 
evaluated from the analytical results of four sam- 
ples; that is 613C(CH4) = -20.4%0 to - 18.3%0 
(Table 2). 
While the helium isotopic composition shows 
distinct characteristics, the carbon isotopic com- 
position of the fluids indicates a quite similar 
signature to the mid-oceanic ridge (MOR) hy- 
drothermal systems. Both the 613C(C0,) value 
around -6.0%0 and the 613C(CH,) value be- 
tween -20%0 and - l8%0 are in the range of 
MOR systems. Deviation of 13%0 between CO, 
and CH, corresponds to isotopic equilibrium for 
C exchanges at 55OoC, according to the calcula- 
tion of Bottinga [37]. Fig. 3 illustrates this rela- 
tionship to the carbon isotopic data from other 
hydrothermal systems so far reported. Although 
the estimated temperature for the North Fiji 
Basin system is slightly lower than those for the 
MOR systems (EPR: 620-770°C and SJFR: 640- 
750°C), this high apparent equilibrium tempera- 
ture suggests the Co-existence of CO, and CH, in 
a magmatic reservoir before their incorporation 
into hydrothermal fluids, as in the MOR systems. 
13 
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4.3. Comparison of gas geochemistry of the hy- 
drothermal fluids at station 4 with other hydrother- 
mal systems 
Chemical and isotopic compositions, measured 
exit temperature and calculated 3He/heat ratio 
of end-members of the hydrothermal fluids at 
station 4 are summarized in Table 3. Data on the 
MOR hydrothermal fluids are presented in the 
same table for comparison. Previous studies have 
revealed that hydrothermal fluids from aged sys- 
tems in equilibrium have converged 3He/heat 
ratios in the range 0.5-1.5 x cm3STP/g "C 
[38] and a common range of gas contents: CO, 
around 10 mmol/kg, CH, in the range 30-120 
pmol/kg and helium in the range 2-5 X 
cm3/g. This signature would suggest that magma 
beneath these hydrothermal systems has similar 
gas abundances and that the mechanism for the 
process by which gas species are introduced into 
the circulation of these hydrothermal systems 
(from the magma beneath the systems) is com- 
mon. 
Compared with MOR fluids, the North Fiji 
Basin hydrothermal fluids show comparable or 
slight enrichment in gas abundances. Since the 
hydrothermal fluids at station 4 are vapor-rich 
components after phase separation [22,23], it 
Y 
' 
would be quite reasonable to expect high gas 
concentrations due to preferential gas partition. 
The ASHES vent field in the Juan de Fuca Ridge 
is known as the first observation of subseafloor 
phase separation. Significant enrichment in gas 
species of the vapor-rich fluids is one of unique 
geochemical characteristics of the ASHES vent 
fluids among the ridge systems [39]. Butterfield et 
al. [39] attributed their high CO, concentrations 
(285 mmol/kg) to two causes: the gas partition 
into the vapor phase and the magmatic exsolution 
of a CO,-rich fluid. They estimated the effect of 
the gas partition during phase separation to be an 
enrichment factor of 4-5 by 15-20% boiling of 
the initial fluid. If we assume a similar enrich- 
ment factor by phase separation processes, based 
on similar chlorinity to the ASHES fluids, we 
could evaluate the gas abundance of the initial 
North Fiji Basin fluid as being comparable to the 
lower levels in the range of MOR fluids. 
The isotopic data from the fluids at station 4 
indicate that gas species predominantly originate 
from the mantle component. The MORB-like 
carbon isotopic composition fluids show no evi- 
dence for the involvement of the subducted com- 
ponents of organic material and/or altered car- 
bonates. Negligible contamination of radiogenic 
helium from the crustal component is supported 
Table 3 
Comparision of the gas composition of hydrothermal fluids \ 
North Fiji Basin EPR 21"N EPR 13"N SJFR MAR 
fluid tcmpcraturc ("C) 285/290 350 33s 285 325-345 
--- CO2 (mmolfig) 14Y11.0 8.0 10.8-16.7 3.9-4.4 
CH4 (pol f ig)  30.4/43.5 45-65 27-55 82-118 61.6 
He (xl~-~cm'/g) 2.3-4.5 2.1-2.9 3.0-4.5 --- 4.6 1 
b s ' ~ c ( c o ~ )  (%oPDB) -6.2 to -5.7 -7.0 -5.5 to -4.1 a) -9.7 to -6.8 --- 
S'3C(CH4) (%oPDB) -20 to -18 -17.6 to -15.0 -19.5 to -16.6 -20.8 to -17.8 --_ 
3 ~ ~ n ~  (x 10-'2ccm3STP/goC) 1.4 0.4 b, 0.7 to 1.4 b, --- 
8.4 
1.2 
9.0 to 10.0 7.8 7.4 to 7.6 --- WRA 
a Not corrected for the involvement of seawater bicarbonate. 
Data sources: EPR 21"N = East Pacific Rise 21"N [17,46]; EPR 13"N = East Pacific Rise 13"N [BI; SJFR = Southern Juan de Fuca 
Ridge 1191; MAR = Mid-Atlantic Ridge, the Snake Pit site at 23"N [20]. 
From [45]. 
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Table 4 
Chemical data of low temuerature fluid samdes from station 14 
Site Sample Si02 PH Li Mn CO2 CH4 
(nimolkg) (Umolkg) (U molkg) (mmobg) (U molkg) 
Refound arch YK95-2 0.148 7.57 24.9 2.20 0.01 
Sunset YK87-M 0.127 22.5 0.09 
YK95-3 0.141 7.61 26.7 0.12 0.08 
YK87-Ti 0.156 7.63 25.2 1.01 2.24 
YK87-2 0.192 7.45 26.8 1.08 2.23 0.04 
YK87-3 0.193 7.43 26.4 1.15 
YK87-4 0.187 7.50 25.4 1.17 2.29 0.05 
YK96-2 0.264 7.10 30.7 2.95 2.22 0.14 
YK96-3 0.272 7.05 30.3 3.28 2.29 0.18 
YK96-4 0.272 7.07 32.3 3.33 
Reference a) YK86-3 0.116 7.71 ,21.6 0.12 
YK86-4 0.120 20.3 0.13 2.08 0.02 
a Sample collected about 2.5 km south of the Sunset site. 
Analytical methods (and their precisians). SiO,: colorimetry, silico-molybdate method (3%); pH: potentiometric (0.5%), Li: 
ICP--AES, standard additions (3%); Mn: ICP-AES (3%); CO,: coulometer (0.1%); CH,: GC-FID (5%). 
by the helium isotopic composition. For 3He/heat 
ratios, the fluids at station 4 show a similar range 
to the MOR fluids, although the influence of 
significant conductive cooling and phase separa- 
tion may have shifted the observed value from 
the original 3He/heat signature. 
Both the gas abundance and isotopic composi- 
tion of the hydrothermal fluids at station 4 have 
several similar characteristics to the MOR hy- 
drothermal systems. This gas geochemistry was 
consistent with the petrological studies which in- 
3 3.0 
Y > 
O 
1 5
2.0 
H 
1 .o 
O 
0.10 0.15 0.20 0.25 0.30 
si02 (mmol/kg) 
dicate predominant N-MORB features [40]. They 
demonstrated that the influence of subduction 
contamination is apparant in only a few samples 
and this influence is attributed not to present 
subduction but to partial melting of a mantle 
source suffering from remnant subduction. 
4.4. Fluid geochemistry of low temperature fluids at 
station 14 
The shimmering fluid discovered at station 14 
is slightly warmer than ambient seawater. Chemi- 
(b) 
0.20 
0.15 
Y 5
O 
5 < 0.10 
r o 
0.05 
0.10 0.15 0.20 0.25 0.30 
Si02 (mmol/kg) 
Fig. 4. Relationship between concentration of (a) manganese and (b) methane versus silica concentration for samples at station 14. 
J.-I. Ishibashì et al. /Earth arid Planetary Science Letters 128 (1994) 183-197 193 
cal anomalies are detected in some components 
of Li, Mn, Si and pH, as listed in Table 4. 
Concentrations of other elements were equiva- 
lent to those of ambient seawater, within the 
analytical uncertainties, or lower than the detec- 
tion limits. Among gas species, CH, indicates 
notable enrichment compared with ambient sea- 
water, while CO, concentration does not show 
clear anomalies. All of the samples showed he- 
lium abundance comparable to that of air- 
saturated seawater (4 X lo-* cm3/g) and our an- 
alytical procedure was too uncertain to discuss 
anomalies of helium contents in this range. 
Fig. 4 illustrates relationships among chemical 
anomalies of the fluid samples. We took the SiO, 
concentration as an indicator of fluid mixing ratio 
and plotted the relationship of Mn and CH, 
concentrations against it. The YK87 and YK96 
samples collected from the same 'Sunset site' 
show a linear trend in both plots. This linear 
relationship suggests that the samples obtained 
were a mixture of one fluid end-member and 
ambient seawater. Of course, it is impossible to 
evaluate the chemical composition of an end- 
member fluid because the anomalies in all the 
samples are quite small. However, we may discuss 
abundance ratios among these hydrothermal indi- 
cators. For instance, CH,/Mn molar ratio of the 
fluid is calculated as 0.051 from slopes of the 
linear regressions in Fig. 4. We can also obtain 
information about relationships between chemi- 
cal anomalies and the temperature anomaly from 
the temperature data. The Mn/heat ratio is esti- 
mated as 0.88 nmol/g OC and the CH,/heat ratio 
as 0.046 nmol/g OC. The abundance ratios of 
heat, CH, and Mn of hydrothermal fluids and 
'I 
4 
hydrothermal plumes have been discussed in sev- 
eral previous studies. The Mn/heat ratio of the 
shimmering fluids at station 14 is in a range of 
the diffuse-type hydrothermal discharges. For ex- 
ample, Baker et al. [41] reported an average 
Mn/heat ratio for the diffuse low temperature 
vents at the north Cleft segment. in the Juan de 
Fuca Ridge as 0.92 k 0.67 nmol/g OC. 
Moreover, these abundance ratios of chemical 
anomalies show a correspondence between the 
shimmering fluid and the hydrothermal plume 
observed in the same station. Nojiri et al. [15] 
reported two distinct hydrothermal plumes dur- 
ing the site survey conducted in 1987. They re- 
vealed different CH,/Mn ratios in the plumes at 
different depths: 0.386 mol/mol for the upper 
megaplume-like plume and 0.056 moI/mol for 
the lower steady-state plume. The good agree- 
ment between the shimmering fluids at station 14 
and the lower plume is shown not only in the 
CH,/Mn ratio but also in the Mn/heat ratio 
(0.92 nmol/g OC) and CH,/heat ratio (0.05 
nmol/g OC). Although it is difficult to compare 
the plume in 1987 and the diffuse discharge in 
1991 directly this agreement may suggest that 
these chemical ratios do not change significantly 
during the dilution process that takes place when 
a low-temperature type hydrothermal discharge 
develops into a plume. 
4.5. Helium isotopic conzposition of low tempera- 
ture fluid at station 14 
Isotopic data on carbon and helium from the 
fluid samples at station 14 are listed in Table 5. 
While carbon isotopic compositions are difficult 
Table 5 
Isotopic data of low temperature samples from station 14 
7' 
d - Heme R f l A  cr13c(co2) Site Sample WRA 
Refound arch YK95-2 2.40 1.00 7.96 0.01 
YK95-3 2.08 1.29 3.84 0.02 
YK96-2 6.38 2.90 8.43 -0.51 
(Heme) A (%oPDB) 
Y K87-2 5.44 1.84 8.86 0.04 Sunset 
YK96-3 6.80 3.22 8.72 -0.38 
YK96-4 7.37 4.53 8.73 
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to distinguish from ambient seawater values, he- 
lium isotope ratios provide useful information. As 
is well known, helium is chemically inert and also 
has little chance for isotope fractionation. Its 
isotopic composition changes only by mixing with 
helium from other sources. Thus, in the case of 
mixing only with ambient deep seawater, we can 
evaluate the original helium isotopic composition 
of fluids even when they are much diluted. The 
evaluated helium isotopic compositions, accord- 
ing to the same correction calculation described 
in section 4.2.1., are listed in Table 5. Although 
the samples were significantly diluted, the evalu- 
ated values of four samples from the Sunset site 
converged into a narrow range of R,/RA = 8.4- 
8.9. 
The helium isotopic compositions of station 14 
are comparable to the MORB helium range, al- 
though they are lower than the value of basaltic 
glass helium at the same station (R/RA= 9.4 
[331). This result strongly suggests magmatic he- 
lium involvement in the fluid during its circula- 
tion and implies present or at least recent high 
temperature hydrothermal activity around this 
area. The chemical anomalies of the fluids de- 
scribed in the previous section are additional 
evidence because these components are difficult 
to leach by low temperature fluid circulation. 
4.6. Helium isotope signature of the North Fiji 
Basin central ridge 
Craig et al. [l] identified helium isotope 
anomalies in a hydrothermal plume at 18"08'S on 
the central ridge during the PAPATUA expedi- 
tion in 1986 and evaluated the helium isotopic 
composition of the added source end-member at 
R/R, = 8.4. For basalt glass helium, Poreda and 
Craig [42] reported R/R,  = 9.2 and Hirose et al. 
[33] reported R/R, = 9.3-10.0. Together with 
our hydrothermal fluids results ( R/RA = 9.0-10.0 
at station 4 and R/R, = 8.4-8.9 at station 141, 
the helium isotope signature of the North Fiji 
Basin central ridge is characterized as higher 
than, or on the high side of, the average MORB 
range (R/RA = 8.18 k 0.73 [34]). Because of the 
low number of data it is difficult to confirm 
helium isotope variation along the central ridge. 
The helium isotopic signature could be related 
to the trace element geochemistry of basalt sam- 
ples from the North Fiji Basin central ridge. 
Previous studies [39,43] have indicated a co-varia- 
tion of incompatible element abundances and 
Sr-Nd isotope systematics and attributed it to the 
mixing of a dominant N-MORB signature source 
with a Co-existing enriched OIB source, whose 
influence increases towards the northern seg- 
ments. Since the whole range of these composi- 
tions, as well as the helium isotopic composition, 
are not so large, it is difficult to exclude the 
possibility of heterogeneity within the MORB 
source. However, the isotopic variations in both 
incompatible elements, such as Sr and Nd, and 
volatile elements, such as helium, are best ex- 
plained by the incorporation of a hotspot-like 
primitive component into the magmatic source of 
the North Fiji Basin central ridge. 
In several other places in the southwest Pacific 
region, Poreda and Craig [42,44] have reported 
elevated helium isotope signatures; such as the 
Manus basin (R/RA = 10.9) and the northeastern 
part of the Lau Basin (R/RA = 8-22). They sug- 
gested this high 3He province stretches from the 
Manus Basin to the Easter Microplate, including 
the Samoan hotspot. The spreading process of 
the North Fiji Basin, especially the unique topo- 
graphic uplifted dome in the triple junction near 
station 4, might be related to the upwelling of a 
He-rich, hotspot-like component. 3 
5. Conclusions 
On the central ridge of the North Fiji Basin, 
hydrothermal fluid emanations were located at 
two sites, station 4 (17"O'S) and station 14 
(18"50'S). The chemical composition and isotopic 
ratio of helium and carbon were studied in the 
fluid samples obtained from these stations. 
The hydrothermal fluids from station 4 (vent- 
ing temperatures were 230-290°C) did not show 
such significant gas enrichment, like that ob- 
served in the ASHES field in the Juan de Fuca 
Ridge, although there are vapor-rich fractions 
after phase separation. The carbon isotopic signa- 
tures of 613C(C0,), of around - ~ . O % O  (PDB), 
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and 613C(CH,), around -19%0 (PDB), were 
comparable to the mid-oceanic ridge (MOR) hy- 
drothermal systems. On the other hand, the he- 
lium isotopic composition (R/RA = 9.0-10.0) 
suggests the influence of a hotspot-like primitive 
componen t. 
The low-temperature fluids from station 14 
(the highest measured temperature was 5.2"C) 
showed slight chemical anomalies in some species 
of SiO,, Li, Mn, pH and CH,. The original 
helium isotopic composition (R /RA)  was esti- 
mated to be between 8.4 and 8.9. These geochem- 
ical indicators of the fluids suggest the existence 
of high temperature hydrothermal activity in this 
area. 
In summary, the gas geochemistry of these 
fluids from the North Fiji Basin central ridge was 
similar in several characteristics to that of the 
MOR hydrothermal systems. They did not show 
evidence of the influence of a subducted compo- 
nent. The results are in agreement with the previ- 
ous petrological studies on basaltic rocks, which 
demonstrated a N-MORB-like signature with lit- 
tle affinity to back-arc basin basalt. This is quite 
reasonable since the central ridge is 150-500 km 
away from the present subduction of the New 
Hebrides Trench and its spreading occurs free 
from the present subduction process. The gas 
geochemistry .of the fluid emanations, which is 
similar to the MOR fluids, clearly reflect the 
mature signature of the North Fiji Basin spread- 
ing activity. 
Y 
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